1) Photoelectron Spectroscopy an introduction t o ultraviolet
photoelectron spectroscopy in the gas phase by Eland 2) Principles of Ultraviolet SDectroscoDy by Rabalais.
These texts a r e mostly pedagogical i n nature and discuss photoelectron spectroscopy performed i n a vacuum using an electron detector. While this is not the type of UPS that we hope to perform I believe t h a t the mathematics presented i n these texts will be useful in the interpretation of data at a later point. These texts present a clear and basic outline of the quantum mechanics and physical chemistry involved in UPS.
When I first arrived Dr. Muzumder provided me with t h e article, Internet. The majority of the information on the Internet is about X-ray photoelectron spectroscopy (XPS) which is used to look at the core orbitals of t h e atoms on the surface of a test material and can be used to penetrate deeper into the test surface than (UPS). The information I found on the Internet is not useful at this point. However, I have marked the locations of test data posted on the Internet which may be useful in later interpretation of data which I will of obtain. I also plan to keep an eye open for new data,involving UPS posted on the web.
Instrumentation (Nick Grable)
The following is a summary of activity on the uv monochrometer: c. The grating optics module was demounted and inspected.
Because they were shielded from the ozone emissions of the xenon lamp, the plane grating, convex focusing mirror, and folding mirror looked acceptable to use as is.
At this point it looks fairly certain the Turner 430 spectrofluorometer can be made to function a s an uv monochrometer.
The sample holder will have to be removed and replaced with a suitable relay optic to couple the uv energy from the exit slit to the surface of a photoelectron emitter such as coal. A schematic diagram of the proposed uv monochrometer system is shown' in figure 1. After optical components and xenon replacement lamp are received from the vendors, t h e Turner spectrofluorometer will be reassembled, tested, and calibrated in our laboratory. An opto-mechanical mount t o hold exit slit relay optics will be designed and fabricated and/or assembled from laboratory components. Commercially available units will be considered . if they prove more effective.
A free air photoelectron emission detection system similar to one reported by Kirhata and Uda (Rev. Sci. Inst. 52(1), 1 9 8 1 ) is being studied. A literature and vendor search is underway to identify alternative candidate emission detection configurations. The results of mass ratio for each size range are shown Table 1 and Figure 1 . It can be seen that the portable sieve shaker is the best for classifying the coal particles among three shakers. About 60% mass of the total coal particles were separated to smaller size range: 24.3% in 150 -300 pm, 9.3% in 106 -150 pm, 19.0 % in 45 L .
-106 pm, and 7.4 % in finest size range. Next is the Syntron electronic controller vibrator. 57.8 % of the total mass was separated from the upper sieve. And the compressed air shaker is the worst. Only about 35.6 % of the total mass was separated. Table 1 . Comparison of particle size classifying efficiency of shakers
From the particle size distribution analysis (Table 2 and Figures 2),.
we can also see that larger particles (>300 pm) account for about 50% remaining in upper sieve after separating. It also includes around 50% particle size in the size range 45 -106 pm. However, the ratio i s low for the other size ranges. The coal powder was first dispersed i n water containing small quantity of surfactant and then add to the recirculator reservoir of the instrument. The Mictrotrac calculates particle size distribution based on the diffraction pattern of laser light scatted from the particles. It is probably the smaller particles were coagulated each other to form more larger particles. Size range (urn) and non deposited fractions were not conducted. Table 3 and Figure   3 shows the results of separation efficiency with different size range.
>300
I t can be seen that percentage of collected mass on negative plate (clean coal) was decreased as the particle size of coal powder increased. I t was decreased from about 70% for particle size smaller than 45 pm to 5.8 % for particle size larger than 300 pm. Similarly, the percentage of collected mass on positive plate (refuse fraction) was also decreased from about 23% for smaller particles to 0.58% for larger particles. In comparison, the percentage of non collected particles (deposited on filter) was increased from 0.79% to 82.1%.
Therefore, about 94% mass of total coal and pyrite can be separated if the particle size ground to less than 150 pm. 
. ELECTRODYNAMIC TRAPPING OF CHARGED PARTICLES

3D Electric field simulation
In last quarterly report, a initial description of design and modeling of toroidal electrode was presented for trapping and measuring single charged particles. A program was written to calculate the 3D electric field distribution in different location around the toroidal electrode. Figure 4 shows the 3D electric field on XOZ plane for 10,000 v applied potential. It can be seen that the electric field on the surface of the.
toroidal ring was less than 3e6 v/m. I t is possible that the electric field will breakdown i f it exceed 3e6 v/m. We suggest to set the applied voltage below 12,000 v to avoid corona discharge for later experiment because it will result in changing the charge properties of the charged particle. Figure 5 shows the 3D electric field distribution parallel to XOY plane. The electric field above XOY plane is positive. The field is smaller outside the toroid ring. And it i s increased a s it closer to the edge of the ring. It is highest above the edge of the toroid, and then it decreases again.
Eelectrodvnamic force simulation
From previous discussion, we know that the electricdynamic force on Z axis (F, )is proportional to i3E2/i3Z. And the electricdynamic force on Y axis (F, )is proportional to aE2/aY. The electrodynamic force distribution on z axis is shown i n Figure 6 for the toroid of t h e chosen dimension. The electrodynamic force is largest at z = 0.003 m. This indicates that particle trapping must occur at Z<0.003 if t h e particle is to be held. The force is positive from Z = 0 to Z = -0.007m, and is negative from 2 = 0 to Z = 0.007m. This means that he particle will be trapped if it is located between Z = -0.007m t o Z = 0.007m. From Figure   7 , the electric force is positive on the left side of the ring down to -0.01m , and negative on the right up to 0.01m. .
One goal of the project is to improve instrumentation used to measure the size and charge of particles on an individual particle basis.
The instrument used for this purpose has been the E-SPART analyzer. It has had a maximum particle size measurement capability of about 40 microns.
A new instrument for measuring particles using image analysis is being developed to increase the size limit of the measurement t o the order of 100 microns. Aerosolized powders are passed between two electrode plates to which a high voltage AC potential is applied. 
Laser and Transmitting Optics
The measurement region is illuminated using two lasers propagating i n opposite directions. The use of two lasers instead of one improves the symmetry of the particle images. The lasers are 780 nm diodes at operated at 20 mW each. They are set 9.5 inches from the center of the measurement tube. They are focused at the center of the measurement tube after which +50 mm cylindrical lenses are placed about two inches from the laser so that the beam i s expanded on the vertical axis t o about one cm in height and one mm thick a t the measurement volume. The two lasers are angled slightly downward so that the light from one laser does not enter the other.
Collection Optics
Two projection lens assemblies placed back to back are used to provide an f / 2 collection system which appears adequate for particles of 
High Voltage Drive
The early prototype had significant harmonic distortion i n the high voltage. The distortion arose from several sources. Typical neon sign type high voltage transformers have a magnetic shunt designed into them to limit current. This current limiting distorts the voltage profile a t the peaks. Also t h e old system used two transformers in series. We have modified transformers by removing the magnetic shunt and removing primary windings to allow us to use only one transformer. This has improved transformer response.
The HV transformer i s driven by a power amplifier. We a r e currently using a salvaged stereo system power amplifier. We have ordered a new one. Power requirements appear to be low and we may be able t o drive t h e system with a single chip PA. A 20W version will be tested this month.
Electrodes
Curved electrodes, flush with the walls, are used in the sampling tube. This'minimizes the disturbance to the air flow. ( .
Synchronization Circuitry
In the current design it is necessary to modulate the laser by turning it on for two cycles of the electric drive and then off again. The 'on' time must be synchronized with the phase of the electric drive and must occur when both odd and even fields of the camera's CCD array are integrating for the same frame. Breadboard circuits have been tested and the.fina1 circuit board is under construction.
Camera
A Panasonic video surveillance camera is being used i n conjunction with an Imaging Technologies frame grabber. The Camera has a 753 x 494 pixel array with a 2/3 inch diagonal format. The frame grabber can digitize and store more than 10 frames per second.
Note that in this application it would be desirable t o have a pixel for pixel representation of the CCD sensor response transferred to the computer. This is not obtained with a video camera. A high quality, L high speed digital camera is out of range of the current budget but would be recommended in the future. In addition analog transfer of the data (video) leads to over and undershoot of the signal following large excursions. This probably has only a small affect on the images but is undesirable. The cost of suitable digital systems is likely to drop significantly i n the near future and should be kept in mind.
Analysis o f Images
Each particle track in an image is isolated and fit to a sinusoidal function. Up t o ten frames per second can be analyzed with up to about ten particle tracks per frame. The data that must be extracted from the images are the amplitude, phase and spacial frequency of each track.
The spacial frequency is simply related to the vertical velocity of the particle. When the flow velocity is known, the settling velocity of a particle can be determined from which its aerodynamic diameter can be found. Alternatively the aerodynamic diameter can be found from the phase of the track relative to the phase of the electric field. Particles, due to their inertia lag behind the electric field up to a maximum of 90
degrees. The laser is turned on at a zero crossing of the electric field so that a phase reference is present in the recovered image. In the present configuration, phase lag can be used for particles with diameters less than about 3 0 t o 40 microns. For larger particles settling velocity provides a more accurate measure of size. Flow velocity is usually .
determined by measurement of both phase and spacial frequency on particles smaller than about 30 microns. The phase is used to determine diameter from which settling velocity is calculated. The flow velocity is then determined by subtracting the settling velocity from t h e vertical velocity determined from the spacial frequency. After the size of the particle has been determined its charge can be determined using the amplitude of the sinusoidal track. The equations for calculating settling velocity and for determining particle motion as a function of diameter and charge i n the size range 5 to 100 microns are given i n an appendix.
Addi tio n a I Cons id eratio ns
1) There is a slight effect on the phase of the particle response due t o the settling velocity of the particle when the settling velocity is large enough to require a correction to the drag force based on Reynolds number. When this is the, case the horizontal and vertical drag forces are not independent. In a first order 'approximation of the effect of settling velocity on the phase of particle motion* it was found that failure to account for the change in drag force would cause the size of a 100 micron particle to be underestimated by about 5 % . At 70 microns the error is less than 2% and drops off rapidly for smaller particles. In any case settling velocity and not phase is used to determine particle diameter for particles above 40 microns. The correction is, thus, not required here. In this first order correction the amplitude of particle motion is not affected.
*Fuchs' Eq. 10.1 was used for the drag force, where Reynolds number was determined using settling velocity only.
2) Error caused by neglecting the inertial part of the resistance (Fuchs' eq. 19.12 instead of eq. 19.9). Using phase, the diameters of particles with diameters of 100, 60, 30, and 20 microns are underestimated by 18%, 1 O%, 3% and 1%, respectively. This correction is easy to make and will be implemented.
3 ) Counting efficiency. It was previously stated that the counting efficiency would not be dependent on particle size for the conditions 1) the laser is turned on for two cycles of the electric drive, 2) the particle travels no more than the height of the field of view i n those two cycles and 3 ) the particle must be in the field of view for at least one complete cycle. This is not correct. There i s a counting efficiency, CE, associated with the vertical velocity of the particle and the height of the field of view, FOV, given by
where V F is the gas flow velocity and V, is the settling velocity of the The vertical velocity, Vv, of the particle is related to the spatial frequency of the image track by where w is the spatial frequency in radiandpixel, SCF is the spatial calibration factor in cm/pixel and f is the frequency of the electric field.
The settling velocity Vs of a particle is related to its vertical velocity and the gas flow velocity, Vf,
PARTICLE MOTIONJN A SINUSOIDAL ELECTRIC FIELD
The relationship between phase and particle size is given by 6 where Br is the reduced mobility and mr is the reduced mass given by The velocity amplitude of the particle in the direction of the electric field is vo .= After determining diameter we calculate Br and mr and combine these with the measurement of amplitude to calulate charge and charge to mass. For sizes larger than about 35 microns the phase increases slowly with increasing particle diameter.
Hence, a measurement of phase will not accurately determine particle diameter. It is found also L endi A p. 5
Hence, a measurement of phase will not accurately determine particle diameter. If%oun$also that the vertical velocity can be determined to high accuracy for most particles. Thus, if the flow velocity is accurately known the settling velocity and the particle size can be accurately determined.
To measure the flow velocity at the view volume we will use phase to determine particle diameter from which we will calculate settling velocity. Air flow velocity is then found by subtracting the calculated settling velocity from the measured vertical velocity which is related to the spatial frequency of the sinusoidal partical track. Only particle tracks meeting specified criteria will be used to estimate flow velocity. Further it will be assumed that the flow velocity does not change rapidly, so that we may go several seconds between particles that meet the criteria.
Criteria for particles used to estimate flow velocity: 
